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SPLATII

» Provides in real-time the size and
internal composition of individual
particles in 50 nm to 3 pym size range

» Measures refractory and non-
refractory aerosol fractions in each
particle

> Yields size distributions (d,) and
number concentrations

» Sampling rate: sizes up to 2000 p/sec,
20-50 of which are also chemically
characterized

» High sensitivity to small particles:
detects 40% of 100 nm particles

» High overall sensitivity: detects 1p/sec
for an aerosol sample of 1p/cm3 with

d>100 nm
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During ISDAC SPLAT Il participated in all 27 flights that
lasted slightly over 100 hrs.

It measured the size of tens of millions particles and
characterized the composition of over 3 million of them.

SPLAT Il was sampling particles alternately through the
aerosol inlet, to characterize the composition and size of the
overall aerosol population, and through the CVI inlet to
characterize the composition and size of particles that served
as CCN and IN.



April 19t Flight 25
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April 19t Flight 25
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Depending on particle loadings SPLAT detects between a
few particles to thousands of particles per second.
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April 19th, Flight 25
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The number of particles detected by SPLAT follows the CNC counter
closely. Moreover, we understand when and why the two differ.
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April 19th, Flight 25 Vertical Profiling

Data S1O, NOAA, U.S. Navy, NGA, GEBCO
Image © 2009 TerraMetrics
Image ® 2009 DigitalGlobe
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April 19th, Flight 25 Vertical Profiling
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April 19t Flight 25 Size Distributions

We measure the
vacuum aerodynamic
size distributions of
particles larger than
~50 nm.

Here are a few
examples from flight
25.

We also determine
the size distributions
of  particles  with
specific compositions,
which  vyields their
effective density.
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April 19t Flight 26

The number of particles
detected by  SPLAT
follows the CNC counter
closely. Moreover, we
understand where and
why the two differ.

We sized over 7 million
particles and measured
the composition of
~140,000 particles on
this day.

The data can be
analyzed with temporal
resolution of <1 minute.
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April 19

Particle Composition

Two individual particle
mass spectra

A biomass burning
particle

A Ca-dominated dust
particle containing a
small amount of sulfate
that served as an ice
cloud nucleus
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April 19 Data Classification

80,94

Na

Composition of 140,000 /
particles .

We classify the mass
spectral data and display
the results in a circular
dendogram that is
explore able.

The data for flights 25
and 26 show that the
vast majority of the
particles fits into 5 major
types:

So
Ot o

sulfate with some
organics

BB

BB with sulfate
Organics
Others
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Sources of Biomass Burning Particles

MODIS RapidFire 2008/106 - 04/15 04 :35 UTC Fires in eastern Siberia;
Smoke observed near Barrow April 19 ~22:00 UT

Richard Ferrare et al. NASA \Y/
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Backward Trajectories

Source * at 71.30 N 156.78 W

Meters MSL

NOAA HYSPLIT MODEL
Backward trajectories ending at 12 UTC 19 Apr 08
GDAS Meteorological Data
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Backward trajectories ending at 00 UTC 20 Apr 08
GDAS Meteorological Data
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Source x at 71.30N 156.78 W

Source 1lat.: 71.3 lon. -156.78 hgts: 500, 2000, 5000 m AGL

Trajectory Direction: Backward Duration: 168 hrs Meteo Data: GDAS1/ GFS
Vertical Motion Calculation Method: Model Vertical Velocity
Produced with HYSPLIT from the NOAA ARL Website (http://www.arl.noaa.gov/ready/)
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April 19 Time Evolution

Na

| Soot+org
80,94

Composition and
temporal evolution of
140,000 particles

We can also look at the
changes in particle
composition as a
function of time.

Here we show an
example of a movie with
5 minute resolution.

The two flight are clearly
visible.
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Sulf.+0rg. BB BB + Sulf. Organics
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F 25

F 26

el Soot+org

Temporal evolution of the composition of 140,000 particles

Here is a closer look at the time evolution. Again, the two flight are visible and
one can easily see that the particle compositions are undergoing significant
changes with time

Time




Time Evolution of 3 Particle Classes

Composition and
temporal evolution of
140,000 particles

Example: Pick 3 classes
and follow as a function
of time
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Time Evolution of 3 Particle Classes
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Classes marked as 1sulfate_org and BB sulfate are nicely correlated during
both flights. In contrast class 2sulfate_org shows very different behavior during
F 25 from 20:00 to 21:15, and 3:00 to 3:30 during F 26
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April 19t Flight 25
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April 19t Flight 25
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April 19th, Flight 25, 10 sec resolution
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Altitude

April 19th, Flight 25, 10 sec resolution
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A plot of the number of
particles detected by SPLAT

as a function of altitude

When the aircraft hit the
heavily polluted layer SPLAT
saturated and turned itself off.
But the pattern is pretty clear.
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BB particles make up a
significant fraction of the
number of particles, especially
at lower altitudes. We also
see that particles at lower
altitude are more spherical

during this time period.
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The number concentration of
BB particles increases rapidly
when the aircraft hits the
polluted layer.
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A Little More Detalil

There are many types of particles

So far we looked only at classes with more than 300 particles. If we take a look at classes
with more than 10 particles we find that there are many more types of particles. But the
vast majority of them still belongs to the same large groups we mentioned before
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Time Evolution of “Special” Particle Classes
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Time Evolution of “Special” Particle Classes
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Time Evolution of “Special” Particle Classes
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During ISDAC SPLAT Il participated in all 27 flights (100+ hrs).

10s of millions particles were sized and over 3 million of them
chemically characterized.

SPLAT |l characterized the composition and size of the overall
aerosol population, and provided artifacts-free information on
composition and size of particles that served as CCN and IN.

SPLAT Il measured a wide range of particle compositions, including
sulfates mixed with organics, nitrates mixed with organic, processed
and freshly emitted sea-salt, a few dust particles, and biomass
burning particles. Many of these particle types appeared in aerosol
layers that had horizontal and vertical filamentous structures.
Biomass burning particles, many of which were transported from
Asia, were rather prevalent over the North Slope of Alaska during
the campaign.
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